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Effects of Sucrose Esters of Fatty Acids on Flat Sour
Spoilage by Obligate Anaerobes *

Akihiko NAKAYaMA, Junko SONOBE and Rieko SHINYA

The effects of two commercial emulsifiers (sucrose esters of fatty acids with C;s and Cg
fatty acid moieties) on the growth, germination and/or outgrowth of six strains of the
causative bacteria of O. A. flat sour spoilage were studied.

In the TSiF medium, both emulsifiers at concentrations higher than 100 ppm inhibited

the growth of all six strains.

For germination and/or outgrowth, the minimal inhibitory

concentration (MIC) of one of the emulsifiers was 10 ppm and that of the other was 10 to

100 ppm depending on the strain.

In the coffee medium, the highest MIC of both emulsifiers for growth, germination and/

or outgrowth was 300 ppm.

In the shiruko medium, the highest MIC of one of the emulsi-

fiers for growth was 5000 ppm and that of the other was 6000 ppm. The highest MIC of
both emulsifiers for germination and/or outgrowth was 5000 ppm.
It is concluded that the sucrose esters can prevent O. A. flat sour spoilage at 300 ppm

in canned coffee and at 5000 ppm in canned shiruko.

It is suggested that the addition of

the sucrose esters would effectively prevent the spoilage of canned drinks kept hot in vend-

ing machines in Japan.

Introduction

In previous papers”~*, we showed that a
new type of flat sour spoilage (0. A. flat sour
spoilage) of canned drinks, kept heated in
vending machines in Japan, is caused by
thermophilic obligate anaerobes, in contrast
to the flat sour spoilage known to be caused
by the thermophilic facultative anaerobes,
Bacillus stearothermophilus or Bacillus coagu-
lans®. We also reported that the heat resis-
tance of the causative bacteria is so high
that the conventional thermal processes are
insufficient to sterilize the canned drinks®~¥.
As a countermeasure to the spoilage, prior
UV irradiation of the dissclved sugar, which
is probably the source of the causative bacteria,
was recommended® 7,

However, the possibility remains that the

causative bacteria may also arise from in-
gredients other than sugar, and a more reli-
able means for preventing the spoilage is
desirable. In this paper we describe the
preventive effects on O. A. flat sour spoilage
in canned drinks, of sucrose esters of fatty
acids, which have been used in canned coffee
as an emulsifier and are known to inhibit the
growth of microorganisms®~1%,

Materials and Methods

Microorganisms

The bacteria tested were the six isolates
(Strain Nos. 24-1, 13-1, 26-11, 27-8, 28-3 and 28-4)
which have been found in our laboratory to
be the causative bacteria of O. A. flat sour
spoilage®~¥, Strain Nos. 24-1, 13-1, 26-11 and
27-8 were isolated from spoiled canned coffee
samples, and Strain Nos. 28-3 and 28-4 were
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isolated from spoiled canned shiruko (a sweet
adzuki bean drink) samples.

Sucrose esters of fatty acids

The sucrose esters of fatty acids used were
two kinds of commercial emulsifier, P-1570
and S-1570 (Ryoto Co., Ltd.), with C,s and
C,s fatty acid moieties. The compositions of
the fatty acids and sucrose esters of the
emulsifiers are shown in Table 1.

10*/ml; Strain No. 26-11, 1.0x10°/ml; Strain
No. 27-8, 6.4x10°/ml; Strain-No. 28-3, 1.0x
10*/ml; Strain No. 28-4, 9.5x10‘/ml. The
inoculation and the incubation were carried
out in the same manner as in the former
tests.

Inhibition tests of sucrose esters of fatty acids
in coffee and shiruko media

The formulae of coffee and shiruko media
are shown in Table 2.

Table 1. Compositions of Fatty Acids and
Esters of the Emulsifiers P-1570 and S- Table 2. Formulae of Coffee and shirieko media
1570* Coffee medium
Sucrose Fatty acid moieties Esters Ingredients Concentration
ester Palmitic = Stearic Mono  Di&tri Coffee extract 8  %(v/v)
C P24 H k o, '3
P-1570 0%  30% 0%  30% ow’s mil 15 %(v/v)
$.1570 30 70 70 30 Sugar 8 %(w/v)
- Skim milk 2 Z%(w/v)
* Approximate concentrations according to Ryoto NaHCO, 0,069 (w/v)
Co., Ltd., Tokyo, Japan oH: 6.3-6.5
Inhibition tests of sucrose esters of fatty acids Shiruko medium
in TSiF medium® ; - S -
Because the emulsifiers do not give clear ngredients oncentration
solutions when the concentrations are higher Canned yndeadzuki 45 %(w/v)
than 20~30 ppm, detection of the growth of NaCl 0.1 %(wW/v)
bacteria by turbidity measurements is not pH: 6.2
suitable. The TSiF medium, which is black- Brix: 18%

ened by the reduction of sulfite with the
growth of the bacteria, was used for the
inhibition tests. The concentrations of the
emulsifiers ranged from 0 to 1000 ppm for
the tests of the effects on growth and from
0 to 100 ppm for the effects on the germina-
tion and/or outgrowth.

For the former tests, 0.2 ml aliquots of
the mTGC medium'? incubated at 55°C for
10 days with the bacteria were inoculated
into 10 m1 of the TSiF media containing the
emulsifiers at various concentrations. All
these media were sealed with sterile liquid
paraffin and incubated at 55°C for 15 days.
The growth of the bacteria was observed by
following the blackening of the media. The
experiments were run in duplicate.

For the latter tests, spore suspensions of
the strains prepared by the method described
previously® were used. The spore concentra-
tions of the strains were as follows: Strain
No. 24-1, 2.3x10%/ml; Strain No. 13-1, 6.4x

Roasted coffee beans (Colombia, Ueshima
Coffee Co., Ltd.), cow’s milk, skim milk,
granulated sugar and sodium bicarbonate
(special grade) were commercially purchased.

To obtain coffee extract, 25g of roasted
coffee beans was ground -and extracted with
500 m] of deionized water in an electric cof-
fee maker. To remove bacteria from the
sugar, especially bacteria similar to the strains
used, granulated sugar was dissolved in an
appropriate amount of deionized water, and
the solution was filtered through Millipore
filters (GSWP 047 S0). The filtrate was con-
centrated under a vacuum. The concentra-
tions of the emulsifiers added to the coffee
medium ranged from 0 to 500 ppm at intervals
of 100 ppm.

Canned yudeadzuki (traditional Japanese
boiled and sweetened adzuki bean product)
and sodium chloride (special grade) were com-
mercially purchased.
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To prepare the shiruko medium, the com-
mercial canned yudeadzuki was diluted with
deionized water (45% w/v). The mixture
was homogenized and sodium chloride (0.1%
w/v) was added to the homogenate. To this
shiruko medium, the emulsifiers were added
at concentrations up to 6000 ppm at intervals
of 1000 ppm.

Ten ml aliquots of all these media were
distributed into test tubes, autoclaved, and

sealed immediately with sterile liquid paraffin.

The cultures (mTGC media) and spore
suspensions of the strains were inoculated
in the same manner for the tests with TSiF
media, except that five coffee and five shiruko
media were used for each concentration of
the emulsifier instead of duplicate experiments
as in the case of TSiF medium. The spore
concentrations of the strains were as follows:
Strain No. 24-1, 4.9x10%/ml; Strain No. 13-1,
2.4x10*/ml; Strain No. 26-11, 1.0x10*/ml;
Strain No. 27-8, 7. 9x10%/ml; Strain No. 28-3,
1.1x10%/ml; Strain No. 28-4, 3.5x10%/ml. All
these media were incubated at 55°C for 30
days and their pH values were measured to
detect spoilage.

As controls, 30 coffee media and 10 shiruko
media containing the emulsifiers at each con-
centration were treated in the same way but
without the inoculation,

Results

Inhibitory effects of sucrose esters of fatly
acids in TSiF medium

Table 3 shows the effects of the emulsifiers
(P-1570 and S-1570) on the growth of the
six strains. The media containing 100 ppm
or higher concentrations of both emulsifiers
were not blackened by any of the strains.

Table 4 shows the effects of the emulsi-
fiers on the germination and/or cutgrowth of
the spores of the six strains. Strain Nos.
13-1 and 26-11 did not blacken the media
containing 10 ppm or higher concentrations
of P-1570, and the other strains did not
blacken the media containing 100 ppm or
more of the emulsifier. On the other hand,
the media containing 10 ppm or more of S-
1570 were not blackened by any of the strains
tested.

Inhibitory effects of sucrose esters of fattyacids
in coffee medium

To confirm their sterility, the thirty media
containing different concentrations of the
emulsifiers were incubated without inoculation
of the strains. It was found that after 30
days at 55°C the pH wvalues of the media
ranged from 5.9 to 6.1. No spoilage was
observed among the media.

The effects of the emulsifiers on the growth,
germination and/or outgrowth of all six
strains in the coffee medium are shown in
Fig. 1. The pH values of spoiled media are
given in the figures and those of normal ones
in the figure legend. The pH values of spoiled
media were lower than those of normal ones.
The maximum drop of pH value was about
1. 0 unit.

Strain No. 24-1 did not spoil the coffee
media when the concentration of the emulsi.
fiers was higher than 300 ppm in both experi-
ments, with the cultures (mTGC media)
(A) and the spore suspensions (B).

Strain No. 13-1 did not spoil the coffee
media containing 200 ppm or higher concen-
tration of P-1570 and those containing 300 ppm
or higher concentration of S-1370 in both
experiments (A and B).

Strain No. 26-11 did not spoil the coffee
media containing 200 ppm or higher concen-
tration of P-1570 in experiment A. However,
in experiment B with P-1570 and both experi-
ments A and B with S-1570, inhibitory ef-
fects were observed with 300 ppm or more
of the emulsifiers.

Strain No. 27-8 did not spoil the coffee
media containing 300 ppm or higher concen-
tration of either emulsifier in all the experi-
ments.

Strain No. 28-3 did not spoil the coffee
media containing 200 ppm or higher concen-
tration of P-1570 in experiment B. However,
in experiment A with P-1570 and both experi-
ments A and B with S-1570, inhibitory ef-
fects were observed with 300 ppm or more
of the emulsifiers.

Strain No. 28-4 did not spoil the coffee
media containing 300 ppm or higher concen-
tration of either emulsifier in all the experi-
ments.
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Table 3. Effects of the Sucrose Esters of Fatty Acids on the Growth of the Strains in the
TSiF Medium*!

Sucrose Concn. of Strain No.
ester  sucrose ester 24.1 131 26.11 27.8 28.3 28.4
0 ppm 4+, +* +, 4, +, 4% +, +* 4, 4w
0.01 +, + +, + +, + +, + +, + +, +
0.1 +, + +, + +, + +, + +, + +, +
1.0 +, + +, + +, + +, + +, + +, +
P-1570 10 +, + +, + +, + +, + +, + +, +
100 - - - - - - - - - - - -
200 - = - - - - - - - - - -
300 - - - - - - - - - - - -
500 - - - - - - S — - - - -
1000 - - - - - - - = - - - =
0 +, + +, + +, + +, + +, + +, o+
0.01 +, + +, + +, + +, + +, + +, +
0.1 +, + +, + +, + +, + +, + +, +
1.0 +, + +, + +, + +, +, + +, +
S.1570 10 +, + +, + +, + +, + +, + +, +
100 - - - - -, - -, - - - -, -
200 -, = - = - - - - - - - =
300 - = -, = - - -, - - = - -
500 - - - - - - - - -, - - -
1000 - - - - - - - - - - - -
*1 Duplicate experiments
*2 Blackening of the medium was observed, +: blackened, —: not blackened

Table 4. Effects of the Sucrose Esters of Fatty Acids on the Germination and/or Out-
growth of the Strains in the TSiF Medium*

Sucrose Concn. of Strain No.
ester sucrose ester 24.1 13.1 2611 7.8 283 -
0 ppm +, + +, + +, + +, + + 4 .
0.01 +, + +, + +, +, + + o+ -
P.1570 0.1 +, + +, + +, + +, o+ + + 4+
1.0 + o+ +, + +, 4 ¥, + + o+ ¥, o+
10 +, + - - - - +, + + o+ + o+
100 - - - o A Mg o
0 +, + +, + +, + +, + +, o+ P
0.01 + ot +oF + o+ +, + +, + +, +
S-1570 0.1 +, + +, + +, + +, + +, +, +
1.0 +, + +, o+ +, + +, + +, + + o+
10 - - S - o ol o7
100 - = — — _ - - — - -

-
-
-

* Symbols are the same as in Table 3.

Inhibitory effects of sucrose esters of fatty the strains. It was found that after 30 days

acids in the shiruko medium at 55°C the pH values of the media ranged
To confirm their sterility, the ten media from 5.4 to 5.7. No spoilage was observed

containing each concentration of the emulsi- among the media.

fiers were incubated without inoculation of The effects of the emulsifiers on the growth,
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germination and/or outgrowth of the three
strains in the shkiruko medium are shown in
Fig. 2. The pH values of spoiled media are
given in the figures and those of normal ones
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normal ones. The maximum drop of pH
values was about 1.0 unit.
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Fig. 1. Effects of the sucrose esters of fatty acids in the coffee medium on the growth,
germination and/or outgrowth of the isolated strains

A: Vegetative cells inoculated, B: Spores inoculated
[1: Spoiled (numerals show pH values), I : Not spciled (pH: 5.9~6.1)
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Fig. 2. Effects of the sucrose esters of fatty

5000 -----

acids in the shiruko medium on the
growth, germination and/or outgrowth of
the isolated strains

A: Vegetative cells inoculated, B: Spores
inoculated

[: Spoiled (numerals show pH values)
H: Not spoiled (pH: 5. 4~5. 6)

Strain No. 28.3 did not spoil the shkiruko
media containing 4000 ppm or higher concen-
tration of either emulsifier in experiment B.
However, in experiment A, inhibitions were
observed with 5000 ppm or more of P-1570,
and with 6000 ppm or more of S-1570.

Strain No. 28-4 did not spoil the shiruko
media containing 4000 ppm or higher concen-
tration of P-1570 in experiment B. In experi-
ment A with P-1570 and S-1570 and experi-
ment B with S-1570, inhibitions were observed
with 5000 ppm or more of both emulsifiers.

Strain No. 24-1 did not spoil the shiruko
media containing 5000 ppm or higher concen-
tration of either emulsifier in all the experi-
ments,

Discussion

The sucrose esters of fatty acids which
have already been reported to have inhibitory
effects on the growth of microorganisms are

sucrose laurates).l0)~13), Caprylate'a"”"'s),
caprate!? 119 myristate'’, palmitate®'"’,
olaidate'”, oleate'”, linoleate', etc. In

these reports, the minimal inhibitory concen-
trations of these sucrose esters ranged from
approximately 30 to 1000 ppm. According to
Haenel and Miiller-Beuthow, the minimal
inhibitory concentrations of sucrose palmitate
on some clostridia were 100 ppm?®. Conley
and Kabara reported that the minimal in-
hibitory concentrations of sucrose palmitate
on seven strains of Gram-positive bacteria
were approximately 30 to 500 ppm'?, In this
study, we found that sucrose palmitate-
stearate affects the growth of the bacteria
causing O. A. flat sour spoilage at the minimal
inhibitory concentration of 100 ppm (Table
3), which falls in the ranges described above.
In the case of the inhibition tests in the
TSiF medium, the growth of the strains was
inhibited by 100ppm of both emulsifiers.
However, germination and/or outgrowth were
inhibited by 10 or 100ppm of P-1570, and
by 10 ppm of S-1570 (Tables 3 and 4). These
results show that the effects of the emulsi-
fiers on the germination and/or outgrowth
are greater than on the growth. It was found
that P-1570 and S-1570 have equal effects on
growth, but S-1570 is more effective on germi-
nation and/or outgrowth than P-1570.
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In the case of inhibition tests with foods,
a comparison of the effects of the emulsifiers
on growth and on germination and/or out-
growth indicates that the latter are more
sensitive than the former to the emulsifiers,
except for Strain No. 26-11 (Figs. 1 and 2).
These results agree with the results obtained
in the TSiF medium (Tables 3 and 4).

A comparison of the effects of P-1570 and
S-1570 suggests that the former is more ef-
fective, in contrast to the results obtained
with the TSiF medium (Table 4). The reason
for this difference is not known.

Strain Nos. 28-3 and 28-4, isolated from the
canned shiruko samples, spoiled the coffee
medium and the spoilage was inhibited by
the emulsifiers in the same manner as with
the four strains isolated from the canned
coffee samples (Fig. 1.). Conversely, Strain
No. 24-1, isolated from the canned coffee
samples, spoiled the skiruko medium and the
spoilage was inhibited by the emulsifiers in
the same manner as with the two strains
isolated from the canned shiruko sample (Fig.
2). These results further support our previ-
ous conclusion that O. A. flat sour spoilage of
canned coffee and canned shiruko are caused
by the same obligate anaerobes®.

The lowest concentrations of the sucrose
esters required to inhibit growth, germina-
tion and/or outgrowth in the TSiF, coffee
and shiruko media increased markedly in
that order. According to Bourne et al.,
sucrose monostearate forms an insoluble com-
plex with starches'. Kato and Shibasaki
reported that the antimicrobial activities of
sucrose dicaprylate are influenced by some
food constituents'®. In view of these find-
ings, it 1s considered that the results obtained
here are due to loss of the inhibitory activities
of the sucrose esters due to interaction with
food constituents. Thus, especially in the
case of the shiruko medium, the high con-
centration of starch in the adzuki beans
means that a high concentration of the
sucrose esters is required for the inhibition.

From all these results, it is concluded that
the sucrose esters prevent O.A. flat sour
spoilage at 300 ppm in canned coffee and at
5000 ppm in canned shiruko. Therefore, it
is considered that the addition of the sucrose

esters would effectively prevent the O. A. flat
sour spoilage of canned drinks which are
kept hot in vending machines in Japan.

In accord with this view, Japanese packers
have informed the authors that the practical
rates of flat sour spoilage among canned
drinks appear to have decreased after the
addition of emulsifiers.
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